Background The incidence of cerebral palsy (CP) has increased due to better survival of high-risk babies. A simple assessment method is needed for the early detection of CP, which can be performed by general practitioners and pediatricians in daily practice. Objectives To assess motor delay, primitive and developmental reflexes, and cerebral ultrasound abnormalities as simple methods for early detection of CP in high-risk infants. We also aimed to evaluate the ease and consistency of the methods for use in daily practice, as well as determine risk factors associated with CP. Methods A prospective cohort study was done on 150 high-risk babies starting from the age of 4 months up to 12 months. We obtained subjects' histories of motor ability and assessed primitive reflexes and postural reactions at the ages of 4, 6, 9 and 10 months. The diagnosis of CP was established at 6 and 12 months of age. We also determined Kappa test for inter-rater reliability between pediatric residents and the pediatric neurologist. Results In 88.7% of subjects, CP was detected in the first 6 months. At 4 months, positive palmar reflex, head lag, and fisting were predictive of CP at 6 months of age. Motor delay, positive palmar grasp reflex, head lag, fisting, and absent protective extension reflex at 6 months were predictive of CP at 12 months. At 9 to 10 months, motor delays, absent protective extension reflex, and negative parachute reaction were predictive of CP at 12 months. Cerebral ultrasound abnormalities were predictive of CP at 6 and 12 months of age. Kappa test result was 0.9, indicating the ease and consistency of these methods for daily medical practice. Conclusion Cerebral palsy can be detected as early as the first 6 months of life. Assessment for motor delays, physical examination for asssessing primitive and developmental reflexes, and cerebral ultrasound can be used for this purpose. [Paediatr Indones. 2018;58:5-12 ; doi: http://dx
T he incidence of cerebral palsy (CP) is 1.2 to 2.5 per 1,000 live births. Several factors, including prematurity, influence the occurrence of CP. 1 In Canada, the mortality of premature infants has declined from 256 per 1,000 live births in 1993 to 114 per 1,000 live births in 2002, accompanied by a rise in the rate of CP from 44.4 to 100 cases per 1,000 live births in the same period. 2 A similar trend has been observed in Sweden and Western Australia. 1 In Indonesia, the higher survival rate of premature and other high-risk babies has also led to an increase of CP cases. High-risk babies are at risk of developing CP at a later age due to risk factors occurring in the pre-, peri-, and post-natal periods.
Cerebral palsy is a static, non-progressive disorder of motor and postural function due to an insult on the developing brain, which results in motor delays as well as postural and motion abnormalities.1 Some children with CP acquire various comorbidities and complications which may pose health threats and influence their quality of life. 3 Early detection of CP within the first year of life is essential to enable early intervention, which will affect the natural course of the disease. 4 Identification of CP in young infants is problematic due to the limited motor development in these infants, making it difficult to determine the types of motor delay that can be used to detect CP. 4 Assessment of muscle tone and physiological reflexes, the cornerstones of CP diagnosis, are not always definitive. 4, 5 Several studies have reported methods for the early detection of CP before 3 to 6 months of age with reasonable predictive values, such as electroencephalography (EEG), cerebral function monitoring (CFM), brain magnetic resonance imaging (MRI) at 2 to 8 days of age, and spontaneous general movements (GMs) assessment at 2 to 4 months of age. [5] [6] [7] However, widespread use of such state-of-theart methods is not feasible in developing countries such as Indonesia.
We aimed to determine the proportion of CP in high-risk babies, risk factors associated with CP, and the diagnostic performance of early detection methods using parameters of motor delay, physical examination, and cerebral ultrasound.
Methods
This prospective study followed a cohort of infants up to the age of 12 months. The study was done in Cipto Mangunkusumo Hospital, Jakarta, from April 2010 to July 2012. During the follow-up period, we performed bi-monthly motor development assessments and clinical-neurological examinations.
Using the appropriate formula, the minimum number of subjects required was calculated to be 150. Inclusion criteria were high-risk babies as signified by prematurity (gestational age of ≤32 weeks), low birth weight (2,4999 grams) and very low birth weight (≤1,500 grams), term or preterm neonates with meningitis, moderate or severe hypoxic-ischemic encephalopathy, intracerebral hemorrhage (ICH), and/ or >48 hours of mechanical ventilation. We excluded infants with genetic, chromosomal, or metabolic anomalies, central nervous system malformations, neuromuscular disorders, and congenital infections. The independent variables were (1) the risk factors present; (2) cerebral ultrasound results; (3) motor delays; (4) primitive reflexes (palmar grasp, fisting, withdrawal, crossed-extensor, and traction response); and (5) postural reactions (protective-extension reflex and parachute reaction). The dependent variable was the occurrence of CP as determined by the gold standard examination of muscle tone and increased physiological reflexes at the specified ages.
At 4 to 5 months of age we performed the first motor development assessment and neurological examination comprising withdrawal reflex, palmar reflex, traction response, fisting, and crossed extensor reflex. At 6 months of age, motor development was again assessed, as well as all neurological examination items evaluated previously, with the addition of protective extension reflex. At 9 to 10 months of age, we followed up the subjects' motor development and performed all neurological examination items evaluated previously, with the addition of parachute reaction. The presence of CP was determined at the age of 6 and 12 months. The diagnosis of CP was made by one of two experienced pediatric neurologists when abnormalities in muscle tone and increased physiological reflexes were found, without evidence of regression or progression.
To determine the contribution of each respective risk factor and the diagnostic value of these predictors, we used data obtained at 4, 6, 10, and 12 months of age. As such, we determined the proportion of CP in high-risk babies and performed bivariate analyses on the potential association between risk factors and CP. We also determined the diagnostic performance of cerebral ultrasound to predict CP at 6 and 12 months of age, as well as the diagnostic values of motor delay and various clinical examinations done at 4, 6, and 9-10 months of age to predict CP at 6 and 12 months of age, respectively. A P value of <0.05 was considered to be statistically significant. After the study, we performed a Kappa test between the pediatric neurologist and one of our pediatric residents to assess inter-rater reliability to determine ease of replication in daily medical practice. Kappa test was done in another group of 40 high-risk infants. The study protocol was approved by the Medical Research Ethics Committee of the University of Indonesia.
Results
During the study period, 178 high-risk babies visited our institution. Out of these, 150 fulfilled the criteria for analysis, while 28 infants were excluded (14 died and 14 were lost to follow-up due to undocumented address change). At 6 months of age, 39/150 subjects (26%) had CP, and at 12 months of age 36/150 subjects (24%) had CP. Diagnosis of CP was based on clinical manifestation. The majority of subjects were female (87%) and had gestational age <32 weeks (80%), birth weight <1,500 grams (75%), normal cerebral ultrasound (77%), as well as no history of meningitis (97%), intracranial hemorrhage (87%), or hypoxic-ischemic encephalopathy (HIE) (95%). On bivariate analysis, risk factors found to be associated with CP at the age of 6 and 12 months were cerebral The proportion of CP at 6 months of age was significantly higher in subjects with abnormal motor development and/or physical examination at 4 months of age than in those without. Odds ratios and diagnostic values of motor delay and other neurological examination parameters assessed at 4 months of age to predict CP at 6 months of age are presented in Table 2 . Examination of palmar reflex, traction response (positive head lag) and fisting at 4 months had the best diagnostic value to predict CP at 6 months of age.
Subjects with motor delay and abnormalities on physical examination at 6 months of age had a significantly higher proportion of CP at 12 months of age than normal subjects. Subjects with motor delay or abnormalities in primitive reflexes and protective extension reflex had higher risk of CP than those without. Motor delay and abnormal palmar reflex, fisting, traction response and protective extension had the best diagnostic value to predict CP at 12 months of age. Odds ratios and diagnostic values of motor delay and other neurological examination parameters assessed at 6 months of age to predict CP at 12 months of age are presented in Table 3 .
We found a higher proportion of CP at 12 months of age in subjects who had motor delay or 
abnormalities traction response, fisting, protective extension reaction, and parachute reaction at 9 to 10 months of age. Abnormalities in motor delay, primitive reflexes and postural reaction were associated with an increased risk of CP. Motor delay and postural reaction had the best diagnostic value to predict CP at 12 months of age. Odds ratios and diagnostic values of parameters assessed at 9 to 10 months of age to predict CP at 12 months of age are presented in Table 4 .
At the age of 6 months, cerebral ultrasound had a sensitivity of 76.9%, specificity of 95.5%, positive predictive value of 85.7%, and negative predictive value of 92.2% for CP. At the age of 12 months, the abovementioned values for cerebral ultrasound were 74.3%, 94.6%, 82.8%, and 91.3%, respectively.
Kappa test was done between the pediatric neurologist and pediatric residents to assess interrater reliability for predicting CP at 6 and 12 months of age (with regards to exams for motor ability as well as primitive and developmental reflexes). Kappa test result was 0.9, indicating the ease and consistency of the methods for daily medical practice. The mean time taken to examine subjects' primitive reflexes at 4 months of age was 2 minutes and 37 seconds (SD 32.3 seconds), and the mean time taken to examine subjects' developmental reflexes at 9 months of age was 5 minutes and 18 (SD 53 seconds) seconds.
Discussion
The limitations of this study include the recruitment of subjects in a tertiary referral hospital, possibly leading to a higher proportion of CP than would be found in the general population, and follow-up largely done by home visits by only the principal investigator. However, this study has the advantage of being the first in Indonesia to determine the diagnostic value of clinical assessment results (motor ability as well as primitive and developmental reflexes) and cerebral ultrasound to predict CP in the first year of life.
The proportion of CP in our study was 26% at 6 months of age and 24% at 12 months of age. Our results were similar to those of Zafeiriou et al. who obtained an incidence of 28.5% in 204 highrisk babies. 8 The difference between the incidence at 6 and 12 months of age may be explained by the normalization of neurological features over time, possibly due to intervention, CNS maturation, or by improvement such features over time. Our results support the notion that clinical manifestations of CP can change with increasing age, particularly in the first year of life. 9 We did not find a significant birth-weight-or gestational-age-specific difference in the incidence of CP. Our findings were in disagreement with literature stating that prematurity and low birth weight were risk factors for CP. 1, 2 This finding may be due to improved perinatal health services and medical technology, enabling better hemodynamic monitoring leading to prevention of extreme fluctuations of cerebral blood flow, thus reducing the rate of complications such as ICH in infants born with a birth weight of 1,000-1,500 grams and infants born at gestational age of 28-32 weeks. 10 Only 30/150 subjects (20%) needed mechanical ventilation. Cools et al. reported that 90% of infants born at gestational age of <30 weeks required mechanical ventilation. 11 This difference may have been due to different gestational ages in the inclusion criteria or to advances in the management of premature babies, including surfactant therapy and the use of continuous positive airway pressure (CPAP), thereby reducing the need for mechanical ventilation. 12 Cerebral ultrasound abnormalities were found in 35 subjects (23.3%). Six of these 35 subjects developed CP. There was a significant difference in the proportion of CP in infants with abnormal ultrasound compared to those with normal ultrasound (P<0.001). This result concurs with previous studies reporting that ultrasound abnormalities, especially grade 3 and 4 intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), and ventriculomegaly were associated with CP or other abnormalities of motor development. [13] [14] [15] All subjects with moderate and severe HIE (n=7) had CP, a significant difference from the proportion of CP in subjects with no or mild HIE (P<0.001). Similarly, previous studies reported that HIE, particularly in term infants, causes tissue damage in the form of PVL, focal and multifocal ischemia, and cerebral tissue necrosis. 16, 17 Term infants made up the majority of subjects with HIE in our study (5/7). Forty-three out of 150 subjects (28.6%) had ICH; of these, 39.5% had CP. There was a significant difference in CP incidence in the ICH group compared to the non-ICH group, possibly due to the large proportion of grade 3 and 4 IVH found in the ICH group, which potentially develops into PVL cysts. 18 On bivariate analysis, HIE, ICH, and ultrasound abnormalities showed significant associations with CP (P<0.001) at 6 and 12 months. Moderate and severe HIE were significant risk factors of CP, as were grade 3 and 4 IVH. Ultrasound abnormalities associated with CP included PVL, grade 3 and 4 IVH, encephalomalacia, meningitis, hydrocephalus, and ventriculomegaly, which were similar to previous findings in the published literature.1 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The diagnosis of CP is straightforward in cases of severe CP or in older children. It is difficult to accurately diagnose CP in the first 6 months of life, in milder cases, or in cases of isolated motor delay. Motor delay is the first sign of CP and has a good sensitivity and specificity to detect CP after the age of 6 months, whereas neurological examination of primitive reflexes, postural reactions, and muscle tone as been reported to have a poor predictive value in the first months of life. 5 In our study, when the subjects were evaluated at 4 months of age, all independent variables were significantly associated with the presence of CP at the age of 6 months. The most significant neurological features were palmar grasp reflex, traction response, and fisting. These results were in agreement with those reported by Morgan et al. 19 and the principal investigator's clinical experience. Motor delay did not yield a high OR, possibly due to infants' limited motor ability at 4 months of age. Variables measured during the evaluation at 4 months of age, especially palmar reflex, traction response, and fisting, had good sensitivity, specificity, and positive and negative predictive values in the range of 88 to 100%.
The evaluations done at the age of 6 months to predict CP at 12 months of age included all variables evaluated at 4 months and the protective extension reaction was added. All variables showed significant associations with later CP, with protective-extension reflex having the highest OR, followed by motor ability, traction response, fisting, and palmar grasp reflex. Motor ability and the protective-extension reflex also had the highest ORs, as well as good sensitivity, specificity, and positive and negative predictive values. These two features can, therefore, be used as hallmarks for predicting CP at 12 months of age. Previous reports were in agreement with our results. 20 Infants who show poor postural control at 6 months of age need special attention and early intervention, as this skill is a prerequisite for sitting, standing, and walking. [20] [21] [22] When a subject had a normal examination at 6 months of age, the child was re-evaluated at the age of 9 to 10 months. We found a higher risk of CP in subjects with abnormal protective-extension reflex, abnormal traction response, motor delay, fisting, and abnormal parachute reaction, compared to normal subjects. The primitive reflexes showed smaller ORs at 6 months than at 4 months. Motor delay showed lower ORs than were found at 4 and 6 months, but two examinations (motor delay and postural reaction showed superior sensitivity, specificity, when assessed at 9 to 10 months of age. As subjects progressed in age, the sensitivity of primitive reflexes tended to decline, although specificity remained high. After 6 months of age, primitive reflexes are no longer a sensitive tool and are rarely seen except in severe CP cases. Therefore, positive primitive reflexes at this age had high specificity for the diagnosis of CP. In mild cases, components of motor delay and postural examination can be used to diagnose CP. Results of this study confirmed the theory that postural reactions are a continuation of primitive reflexes, which reflect CNS maturation. 23 In practice, assessment of motor ability and postural reactions can be used to diagnose CP in infants older than 6 months.
All abnormalities found on cerebral ultrasound showed non-progressive anatomical lesions. Our results were in agreement with reports stating that causative insults produced static lesions in the brain. 12 However, the clinical manifestations of CP may change with advancing age, reflecting brain maturation and plasticity. 12 Cerebral ultrasound also had good sensitivity, specificity, and positive and negative predictive values, hence, it can be used in the early detection of CP.
In our study, neurological examinations such as for primitive and developmental reflexes were found to be simple, quick tests with high diagnostic value as tools to detect CP in the first year of life.
In conclusion, the proportion of subjects with CP at 6 months of age is 26% and at 12 months of age is 24%. In 88.7% of subjects, CP is detected in the first 6 months. Risk factors associated with CP at the age of 6 and 12 months are cerebral ultrasound abnormalities, HIE, and ICH. At 4 months of age, positive palmar grasp reflex, head lag, and fisting are predictive of CP at 6 months of age. Motor delay, positive palmar grasp reflex, positive head lag, fisting, and absent protective extension reflex at 6 months of age are predictive of CP at 12 months of age. At 9 to 10 months of age, motor delays, absent protective extension reflex, and negative parachute reaction were predictive of CP at 12 months of age. Cerebral ultrasound abnormalities were predictive of CP at 6 and 12 months of age. Kappa test result was 0.9 indicating the ease and consistency of the methods for daily medical practice.
